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IRIS	
  Observing	
  modes	
  

any	
  number	
  of	
  steps	
  in	
  
any	
  direcJon	
  

rasters	
  have	
  3	
  dimensions	
  
(wavelength,	
  posiJon	
  along	
  slit,	
  
scanning	
  posiJon)	
  

scan	
  direcJon	
  
(space	
  and	
  Jme)	
  

also	
  possible:	
  sit-­‐and-­‐stare	
  
(with	
  or	
  without	
  solar	
  
rotaJon	
  tracking)	
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IRIS	
  Spectral	
  lines	
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IRIS	
  Science	
  

Example:	
  Coronal	
  Mass	
  EjecJon	
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Open	
  quesJons:	
  
	
  
-­‐  Early	
  observaJons	
  have	
  shown	
  supersonic	
  flows	
  near	
  

sunspots	
  (with	
  low	
  spaJal	
  resoluJon).	
  What	
  are	
  they?	
  Can	
  
IRIS	
  resolve	
  more?	
  

-­‐  How	
  fast?	
  Faster	
  than	
  gravity?	
  

Supersonic	
  downflows	
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ObservaJon	
  on	
  2013-­‐07-­‐19	
  
	
  
“string	
  of	
  pearls”	
  forms.	
  

Supersonic	
  downflows	
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ObservaJon	
  on	
  2013-­‐07-­‐19,	
  AIA	
  304.	
  

Supersonic	
  downflows	
  



Lucia	
  Kleint,	
  Feb	
  19,	
  2015	
  

ObservaJon	
  on	
  2013-­‐08-­‐30	
  
	
  
Plasma	
  flow	
  along	
  loops.	
  
Bright	
  dots	
  appearing.	
  

Supersonic	
  downflows	
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Supersonic	
  downflows	
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upflow	
  

Supersonic	
  downflows	
  
bursts	
  of	
  20	
  s	
  

“background”	
  downflow	
  

104	
  K	
  104.3	
  K	
  

104.8	
  K	
  
104.8	
  K	
  

105.2	
  K	
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Supersonic	
  downflows	
  

Peter	
  (2001),	
  A&A	
  374	
  	
  

H. Peter: On the nature of the transition region 1115
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Fig. 6. Contribution of the broad spectral component, ITC, to
the total emission in transition region lines, Itot = ICC+ITC, as
a function of line formation temperature. Plotted is the mean
ratio of the intensities in per cent for network locations in the
data. The bars basically show “solar noise”, see Sect. 2.5. The
thick curve shows the estimated mean trend of the strength
with temperature.

weak, the Neviii line, observed in second order here, is
blended by five chromospheric lines of Si i seen in first or-
der from 1540.3 Å to 1541.6 Å. According to HRTS spectra
these lines have roughly the same intensity, which is well
below 10% of the Neviii line (Brekke 1993; Hassler et al.
1999, their Fig. 2b). These Si i lines are shifted with re-
spect to the Neviii line at rest (770.428 Å, Peter & Judge
1999) by roughly −100, −20, +20, +100 and +140 km s−1.
Taking into account that Neviii is blueshifted on the
disk by about 3 km s−1 (Peter 1999; Peter & Judge
1999) it might be possible that the “bumps”, typically
at 5 ± 20 km s−1 towards the red (cf. Table 1) are due to
the Si i blends. However, the question remains why there
is only one “bump” visible. If e.g. the very strong “bump”
seen in the right example of Fig. 3 would be due to a Si i
blend at +20 km s−1, why there is no effect of comparable
strength seen due to the Si i blends at −100, +100 and
+140 kms−1? In conclusion, more work needs to be done
to explore the nature of these “bumps” in Neviii, espe-
cially whether these are simply a line blend or a physical
effect in the solar corona.

Nevertheless, extrapolating the trend in line width to-
wards coronal temperatures (thick dotted curve in Fig. 7)
suggests a Neviii tail component non-thermal width of
≈100 km s−1. Assuming an upper limit of the strength of
5% leads to a peak intensity of the tail component below
1% of the one of the core component. As the peak intensity
of Neviii is at most a factor of 100 stronger than the con-
tinuum near 770 Å this implies that such a broad compo-
nent is not detectable on the disk. Above the limb, though,
a tail component contributing 20% to the total intensity
can be seen in Neviii with a non-thermal broadening of 85
to 135 kms−1 (Wilhelm 1999), which is consistent with the
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Fig. 7. Non-thermal line width of the cores of the line profiles
(rectangles) and the broad components (bars) as a function
of line formation temperature. As in Fig. 6 the rectangles and
bars represent the “solar noise”, see Sect. 2.5. The thick solid
curve shows the trend of the width of the broad component
with temperature (∼T 1/4), the extrapolation to coronal tem-
peratures is shown as a thick dashed curve. The thick dotted
curve shows a fit to the line core non-thermal widths as found
in a previous study by Chae et al. (1998). The thin lines show
the Alfvén speed vA in a coronal funnel (dashed; reduced by a
factor 5; following Hackenberg et al. 2000) and the adiabatic
sound speed vs (solid).
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Fig. 8. Shift of the broad component to the narrow compo-
nent. A negative value of the shift indicates that the broad
component is blueshifted compared to the narrow component.

extrapolation shown in Fig. 7. If the line core were emitted
from small loops and the tail component originates from
the more extended funnels as proposed by Peter (2000),
the contribution of the tail component would increase
with altitude. This would then suggest that Neviii has a
broad component also in on-disk spectra, even though it is
not detectable because of the low line peak-to-continuum
ratio.

sound	
  speed	
  
(assuming	
  
adiabaJc	
  
approx.)	
  

40	
  km/s	
   200	
  km/s	
  is	
  
definitely	
  
supersonic	
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Faster	
  than	
  free	
  fall?	
  

Case	
  1:	
  
twice	
  as	
  high	
  as	
  half-­‐baseline	
  
=>	
  vmax	
  =	
  180	
  km/s	
  

Case	
  2:	
  
Half	
  as	
  high	
  as	
  half-­‐baseline	
  
=>	
  vmax	
  =	
  145	
  km/s	
  

Measured	
  50	
  Mm	
  
for	
  half-­‐baseline	
  
from	
  AIA	
  

The Astrophysical Journal Letters, 789:L1 (7pp), 2014 ??? Kleint et al.

Figure 5. IRIS SJI 1400 (top left) and SDO images at the same time (15:16 UT on 2013 August 30). Faint loop parts can be seen in the IRIS image, which correspond
to bright loops in AIA 171 and 193 (white arrows). The bright dots visible in IRIS images are located at the ends of these loops (small red arrows).

(An animation and a color version of this figure are available online.)

umbra, where the gas pressure is lower, which may lead to less
deceleration. Siphon flows may play a role in the observations,
but it is unclear to what extent, especially because the other loop
footpoint is not observed. However, the process of coronal rain
formation involves flows, which does not exclude siphon flows.
Because falling dark blobs can be observed in IRIS and AIA im-
ages, coronal rain is very likely the dominating process. Visual
tracing of blobs in IRIS data, by creating intensity evolutions
along the blob trajectories, reveals much slower speeds (below
50 km s−1) than the IRIS spectra. The ratio of projected to line-
of-sight (LOS) velocity components is however similar to that
observed for off-limb observations of rain falling almost per-
pendicularly to the LOS. In that case, the projected component
is the faster component. Using Equations (2)–(4) from Antolin
et al. (2012) adapted to an on-disk scenario, we can determine
that the observed projected velocity of the blobs corresponds
to an angle of ∼5–20 deg above the footpoint with respect to
the loop baseline (angle ϕ in their Figure 12). Our observations
also resemble those of Reale et al. (2013), although on a much
smaller spatial scale.

4.1. Velocities—Faster than Free Fall?

To investigate the process of energy transport, we calculated
the free-fall velocity along elliptical loops according to Antolin
& Verwichte (2011). For an assumption of zero initial velocity
at the loop top (s = 0), the velocity vs along the loop can be

written as vs(s) =
√

2
∫ s

0 gsun cos θ (s ′)ds ′. From AIA images,
we determined the loop semilength (half the linear distance
between its footpoints, a) to be about 50 Mm, while its height (h)
is a free parameter and cannot be determined from the images.
The maximum velocities for a blob in such an elliptical loop
vary between 145 km s−1 and 180 km s−1, for h/a ratios of
0.5–2, respectively. Under pure free-fall conditions, we would
therefore need initial velocities of 20–50 km s−1 in order to

match the observed values. The required initial velocity may
even be higher if some expected deceleration due to collisions
with plasma at rest occurs. Flows with such values have been
previously observed near the apex of the loops with Hinode/
SOT (Ofman & Wang 2008; Antolin et al. 2010).

4.2. Similarity to Flare Ribbons

Thermal instability appears to be the same for post-flare
loops and non-flaring active regions (Foukal 1978; Schmieder
et al. 1995). The observation on 2013 July 19 showed slightly
more activity than 2013 August 30, but there were only
microflares, the strongest of which occurred toward the end
of the observations while the emission dots were fading (see
online movie). Coronal rain was visible in AIA images during
the phase of the simple ribbon (before 7.40 UT). Then, a jet-
like activity ejected plasma, which can be seen falling back
down in AIA 304, additionally to the coronal rain, and which
coincides with the time when the ribbon changes shape. A visual
resemblance to flare ribbons is striking. They show similar
small-scale brightenings (e.g., Kleint 2012) when observed with
subarcsecond resolution. This is in agreement with the standard
flare model, where particles are accelerated along magnetic
field lines into the TR and chromosphere, probably leading
to isolated brightenings when the energy between neighboring
loops is not equal. The precipitating particles heat the footpoints,
leading to evaporation of dense and hot material into coronal
loops. As the radiative losses outweigh the heating, a thermal
instability may form in post-flare loops, which then may lead to
coronal rain falling into the ribbons and possibly contributes
to their brightness. Ribbon-like structures suggest a heating
correlation between neighboring loops. Such a correlation has
also been observed by Antolin & Rouppe van der Voort (2012)
for coronal rain falling into pores, but with smaller correlation
lengths of about 2 Mm. Similar correlations are obtained in
2.5 D simulations (Fang et al. 2013), and can be explained by a
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200	
  km/s	
  is	
  higher	
  
than	
  gravity.	
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Ø  Supersonic	
  downflows:	
  coronal	
  rain	
  higng	
  the	
  
sunspot	
  at	
  speeds	
  of	
  ~200	
  km/s.	
  

	
  	
  
Ø  Lasts	
  for	
  whole	
  observaJon	
  (2	
  hours)	
  with	
  bursts	
  

of	
  ~20	
  s,	
  corresponding	
  to	
  brightenings	
  in	
  SJI	
  	
  

Ø No	
  Jme	
  lag	
  between	
  spectral	
  lines	
  (~5	
  s	
  cadence)	
  

Ø  HeaJng	
  in	
  the	
  TR.	
  
	
  
Ø  faster	
  than	
  gravity	
  

August	
  30,	
  2013	
  event	
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Ø  no	
  trouble	
  finding	
  other	
  examples,	
  although	
  limited	
  
number	
  of	
  suitable	
  observa2ons	
  (fast	
  cadence,	
  ideally	
  
sit-­‐and-­‐stare,	
  sunspots)	
  

How	
  frequent	
  are	
  supersonic	
  downflows?	
  

Sep	
  2,	
  2013	
  
nothing	
  in	
  Mg!	
  clear	
  second	
  component,	
  no	
  bursts	
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How	
  frequent	
  are	
  supersonic	
  downflows?	
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AR	
  12192	
  –	
  largest	
  spot	
  since	
  1990	
  	
  
Inside	
  spot:	
  barely	
  any	
  spectral	
  lines	
  –	
  spot	
  probably	
  too	
  cold	
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AR	
  12192	
  –	
  largest	
  spot	
  since	
  1990	
  	
  
Some	
  very	
  broad	
  profiles,	
  but	
  no	
  clear	
  flows	
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Ø  Supersonic	
  downflows:	
  	
  

Ø  visible	
  in	
  several,	
  but	
  not	
  all	
  sunspots	
  –	
  more	
  staJsJcs	
  
needed	
  

	
  
Ø  coronal	
  rain	
  higng	
  the	
  sunspot	
  at	
  speeds	
  of	
  ~200	
  km/s.	
  

Ø  Can	
  have	
  bursts	
  (in	
  which	
  case	
  brightenings	
  in	
  SJI	
  are	
  
visible)	
  or	
  be	
  steady	
  	
  

Ø  Can	
  be	
  faster	
  than	
  gravity.	
  

Conclusions	
  


